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(54) Magnetic powder and isotropic bonded magnet 



(57) Disclosed herein is a magnetic powder which 
can provide a bonded magnet having excellent magnet- 
ic properties and having excellent reliability especially 
excellent heat stability. The magnetic powder is com- 
posed of an alloy composition represented by R x 
(Fe-j.yCOyJ^o-x-z-wBzNbw (where R is at least one kind 
of rare-earth element, x is 7.1 - 9.9at%, y is 0 - 0.30, z 
is 4.6 - 6.9at%, and w is 0.2 - 3.5at%), the magnetic 
powder being constituted from a composite structure 
having a soft magnetic phase and a hard magnetic 



phase, wherein the magnetic powder has magnetic 
properties in which, when the magnetic powder is 
formed into an isotropic bonded magnet having a den- 
sity p [Mg/m 3 ] by mixing with a binding resin and then 
molding it, the maximum magnetic energy product 
(BH) max [kJ/m 3 ]of the bonded magnet at the room tem- 
perature satisfies the relationship represented by the 
formula (BH) max /p 2 [xlO- 9 J.m3/g2] > 2.2, and the intrin- 
sic coercive force (Hcj) of the bonded magnet at the 
room temperature is in the range of 320 - 720 kA/m. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 



the magnetic powder. 
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stability due to their small coercive forces. 

of the bonded magnet are deteriorated, thus resulting in low reliability. 
45 SUMMARY OF THE INVENTION 

range of 320 - 720 kA/m. 
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[0006] According to the magnetic powder as d scribed above, it is possibl to provide bonded magn ts having ex- 
cellent magnetic properties as well as excellent heat resistance (heat stability) and corrosion resistance. 
[0007] In the present invention, it is preferred that when the magnetic powder is formed into an isotropic bonded 
magnet having a density p [Mg/m 3 ] by mixing with a binding resin and then molding it, the remanent magnetic flux 
5 density BnT] at the room temperature satisfies the relationship represented by the formula of Br/p [xlO-frT-nrvVg] > 
0.125. 

[0008] This makes it possible to further improve magnetic properties as well as heat resistance (heat stability) and 
corrosion resistance. 

[0009] Another aspect of the present invention is directed to magnetic powder composed of an alloy composition 
10 represented by R x (Fe 1 . y Co y ) 100 . x . z . w B z Nb w (where R is at least one kind of rare-earth element, x is 7.1 - 9.9at%, y is 
0 - 0.30, z is 4.6 - 6.9at%, and w is 0.2 - 3.5at%), the magnetic powder being constituted from a composite structure 
having a soft magnetic phase and a hard magnetic phase, wherein the magnetic powder has magnetic properties in 
which, when the magnetic powder is formed into an isotropic bonded magnet having a density p [Mg/m 3 ] by mixing 
with a binding resin and then molding it, the remanent magnetic flux density BrfT] at the room temperature satisfies 
15 the relationship represented by the formula of Br/p [xlO-^nrvVg] > 0.125. 

[0010] According to the magnetic powder as described above, it is also possible to provide bonded magnets having 
excellent magnetic properties as well as excellent heat resistance (heat stability) and corrosion resistance. 
[0011] In this magnet powder, it is preferred that when the magnetic powder is formed Into an isotropic bonded 
magnet by mixing with a binding resin and then molding it, the intrinsic coercive force (Hcj) of the magnet at the room 
20 temperature is in the range of 320 - 720 kA/m. This makes it possible to perform satisfactory magnetization even in 
the case where a sufficient magnetizing field can not be available, thereby enabling to obtain sufficient magnetic flux 
density. 

[0012] Further, in the present invention, it is preferred that when the magnetic powder is formed into an isotropic 
bonded magnet by mixing with a binding resin and then molding it, the absolute value of the irreversible flux loss (initial 
25 flux loss) is equal to or less than 6.2%. This makes it possible to provide bonded magnets having especially excellent 
heat resistance (heat stability). 

[0013] In these cases, it is preferred that said R comprises rare-earth elements mainly containing Nd and/or Pr. This 
makes it possible to improve saturation magnetization of the hard phase of the composite structure (in particular, 
nanocomposite structure), and thereby the coercive force is further enhanced. 
30 [0014] Further, it is also preferred that said R includes Pr and its ratio with respect to the total mass of said R is 5 - 
75%. This makes it possible to improve the coercive force and rectangularity without lowering the remanent magnetic 
flux density. 

[0015] Further, it is also preferred that said R includes Dy and its ratio with respect to the total mass of said R is 
equal to or less than 1 4%. This makes it possible to improve the coercive force and the heat resistance (heat stability) 
35 without markedly lowering the remanent magnetic flux density. 

[0016] In the present invention, it is also preferred that the magnetic powder is obtained by quenching the alloy of a 
molten state. According to this, it is possible to refine the microstructure (crystalline grains) relatively easily, thereby 
enabling to further improve the magnetic properties of the bonded magnet. 

[0017] Further, it is also preferred that the magnetic powder is obtained by milling a melt spun ribbon of the alloy 

40 which is manufactured by using a cooling roll. According to this, it is possible to refine the microstructure (crystalline 
grains) relatively easily, thereby enabling to further improve the magnetic properties of the bonded magnet. 
[0018] Furthermore, it is also preferred that the magnetic powder is subjected to a heat treatment for at least once 
during the manufacturing process or after its manufacture. According to this, homogeneity (uniformity) of the structure 
can be obtained and influence of stress introduced by the milling process can be removed, thereby enabling to further 

45 improve the magnetic properties of the bonded magnet. 

[0019] In the magnetic powders described above, it is preferred that the average particle size lies in the range of 0.5 
- 150(xm. This makes it possible to further improve the magnetic properties. Further, when the magnetic powder is used 
in manufacturing bonded magnets, it is possible to obtain bonded magnets having a high content of the magnetic 
powder and having excellent magnetic properties. 

so [0020] The other aspect of the present invention is directed to an isotropic bonded magnet formed by binding a 
magnetic powder containing Nb with a binding resin, wherein the isotropic bonded magnet is characterized in that, 
when the density of the isotropic bonded magnet is p [Mg/m 3 ], the maximum magnetic energy product (BH) max [kJ/m 3 ] 
at the room temperature satisfies the relationship represented by the formula (BH) max /p 2 [x10-9J-m 3 /g2] > 2.2, and the 
intrinsic coercive force (H^) of the bonded magnet at the room temperature is in the range of 320 - 720 kA/m. 

55 [0021] According to the abov structure, it is possibl to provide isotropic bond d magnets having excellent magn tic 
properties as well as excellent heat resistance (h at stability) and corrosion resistanc . 

[0022] In this case, it is preferr d that when the density of the isotropic bonded magnet is p [Mg/m 3 ], the remanent 
magnetic flux density Br[T] at the room temperature satisfies the relationship represented by the formula of Br/p 
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corrosion resistance. directed to an isotropic bonded magnet formed by binding a magnetic 

[0024] Other aspect of the present ,nvent.on sheeted £^ r ^ magnel is characterized in that, when the 
powder containing Nb with a bind.ng T n ^£3Ti2 remS magnetic flux density BrfJ! at the room t mperature 
density of the isotropic bonded magnet .s p » th ? I^f" To-W/gl > 0.125. 

satins the relationship represented by ^^^^^^^.opU: bonded magnets having excellent 
10025] According to the above structure, * and com>sion resistance, 

magnetic properties as well as ex^ ^ 

[0026] In this case, it is preferred that the ^ int " n ^'^^ e satisfactory magnetization even in the case where 
Ss in the range of 320 - 720 kA/m. * "^^P^H^ « sufficient magnetic flux density, 

a sufficient magnetizing field can not be ^'^^S magnetic powder is formed of R-TM-B-Nb based alloy 
[0027] inthisisotro P icbondedmagnet,..spr^ 

where R is at least one rare-earth ^ment and ™ "JJJJ^ having particularl y excellent magnetic propert.es 
This also makes it possible to prov.de J" »2X^S5hS?Sc1 corroJon resistance. 

as well as particularly exce.lent ^."J^^^^P"^ that the magnetlC P0Wder * T P ? °t 
[0028] Furthermore, in this ,sotro P .c bond e d magnet, Is afco p r ^ ^ ^ ^ ^ Qf element) 

an alloy composition represented ^^ F J^ >1 "2^ 0 2 - 3 .5al%). This also makes it possible to provide an 

Llni, coining Nd and/o, ft. ™°™*""£Z^r^£L> WW. respect to me M mas* of «« R • « ' 
flux density. D and te rati0 wtth respect to the total mass of said I R « 

si :™ ss p ™: ™r»tr»r su. *. — — - - — *- ^ 

without maflcdly lo»enng the ""^J^E^S*? « ls preferred thai the average panicle mo of the mag- 
» M In the i.o«r^ — ^ ^ » — » """^ ^ hBV ' ng S 

magnetic flux density. mannpts as desC ribed above are used for a motor. By using the 

[0036] Further, preferab*. the isotro P .c bonded magneU perforrn ance motors, 
bonded magnet to motors, it becomes P£^»J™^ 

RRIFF DESCRIPTIO N OP THE DRAWINGS 

[0OM1 Fi9 , is an I— which oo^a.c* show, one -mote - • — — «— — "^'» 

for manufacturing a magnet material. 
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[0042] Fig. 5 is a sectional side view showing the situation in the vicinity of colliding section of the molten metal with 
a cooling roll in the apparatus shown in Fig. 4. 

DETAILED DESCRIPTION OF THE INVENTION 

5 

[0043] In the following, embodiments of the magnetic powder according to this invention and the isotropic bonded 
magnet formed from the magnetic powder will be described in detail. 

General Description of the Invention 

10 

[0044] At present, a magnet having high magnetic flux density is practically required in order to reduce the size of 
motors or other electrical devices. In a bonded magnet, factors that determine the magnetic flux density are the mag- 
netization of magnetic powder and the content (compositional ratio) of the magnetic powder contained in the bonded 
magnet. When the magnetization of the magnetic powder itself is not so high, a desired magnetic flux density cannot 

15 be obtained unless the content of the magnetic powder in the bonded magnet is increased to an extremely high level. 
[0045] As described in the above, the MQP-B powder made by MQI Inc. which is now being widely used can not 
provide sufficient magnetic flux density depending on Its use. As a result, in manufacturing the bonded magnets, it is 
required to increase the content of the magnetic powder In the bonded magnet, that Is, it is required to increase the 
magnetic flux density. However, this in turn leads to the lack of reliability in the corrosion resistance, heat resistance 

20 and mechanical strength thereof and the like. Further, there is also a problem in that the obtained magnet has a poor 
magnetizability due to its high coercivity. 

[0046] In contrast, the magnetic powder and the isotropic bonded magnet according to this invention can obtain a 
sufficient magnetic flux density and an adequate coercive force. As a result, without extremely increasing the content 
of the magnetic powder in the bonded magnet, it is possible to provide a bonded magnet having high strength and 
25 having excellent moldability, corrosion resistance and magnetizability. This makes it possible to reduce the size of the 
bonded magnet and increase its performance, thereby contributing to reduction in size of motors and other devices 
employing magnets. 

[0047] Further, the magnetic powder of the present invention may be formed so as to constitute a composite structure 
having a hard magnetic phase and a soft magnetic phase. 
30 [0048] While the MQP-B powder made by MQI Inc. is a single phase structure of a hard magnetic phase, the magnetic 
powder of the present invention has the composite structure which has a soft magnetic phase with high magnetization. 
Accordingly, it has an advantage that the total magnetization of the system as a whole is high. Further, since the recoil 
permeability of the bonded magnet becomes high, there is an advantage that, even after a reverse magnetic field has 
been applied, the demagnetizing factor remains small. 

35 

Alioy Composition of Magnetic Powder 

[0049] Preferably, the magnetic powder according to this invention is formed of R-TM-B-Nb based alloys (where R 

is at least one rare-earth element and TM is a transition metal containing Iron as a major component thereof). Among 
40 these alloys, an alloy having alloy compositions represented by R x (Fe 1 . y Co y ) 100 _ x _ z _ w B z Nb w (where R is at least one 

kind of rare-earth element, x is 7.1 - 9.9at%, y is 0 - 0.30, z is 4.6 - 6.9at%, and w is 0.2 - 3.5at%) is particularly preferred. 

[0050] Examples of the rare-earth elements R include Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, 

Lu, and a misch metal. In this connection, R may include one kind or two or more kinds of these elements. 

[0051] The content of R is set at 7.1 - 9.9at%. When the content of R is less than 7.lat%, sufficient coercive force 
45 cannot be obtained, and addition of Nb enhances the coercive force only to a small extent. On the other hand, when 

the content of R exceeds 9.9at%, a sufficient magnetic flux density fails to be obtained because of the drop in the 

magnetization potential. 

[0052] Here : it is preferable that R includes the rare-earth elements Nd and/or Pr as its principal ingredient. The 
reason for this is that these rare-earth elements enhance the saturation magnetization of the hard magnetic phase 
so which constitutes the composite structure (especially, nanocomposite structure), and are effective in realizing a satis- 
factory coercive force as a magnet. 

[0053] Moreover, it is preferable that R includes Pr and its ratio to the total mass of R is 5 - 75%, and more preferably 
20 - 60%. This is because when the ratio lies within this range, it is possible to improve the coercive force (coercivity) 
and the rectangularity by hardly causing a drop in th remanent magnetic flux density. 
55 [0054] Furthermor , it is also preferable that R includes Dy and its ratio to the total mass of R is equal to or less than 
14%. When the ratio lies within this range, the coerciv force can be improved without causing marked drop in the 
remanent magnetic flux d nsity, and the temperature characteristic (such as h at stability) can be also improved. 
[0055] Cobalt (Co) is a transition metal element having properties similar to Fe. By adding Co, that is by substituting 
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a part of Fe by Co, the Curie temperature is elevated and the temperature character** of the magnetic powde is 
fmpraved Howeve , if the substitution ratio of Fe by Co exceeds 0.30, both of the coercive force and the magnetic lux 
o^nX tend to faU off The range of 0.05 - 0.20 of the substitution ratio of Fe by Co is more Parable since in th,s 
fange nToXlul temperature characteristic of the magnetic powder but also the magnetic flux density thereof are 

r00 P 56i ed Boron (B) is an element which is important for obtaining high magnetic properties, and its content is set at 
4 6 6 9a^ When the content of B is less than 4.6at%, the rectangularity of the B-H (J-H) loop ,s detenorated. On 
the c^ha^STte^ of B exceeds 6.9at%, the nonmagnetic phase increases and thereby the magnet* 

^S n Tb?u P m^ S N h b)Ts y an element which is advantageous for improving the coerc^ 

ment of the coerdve f orce is conspicuous when its content lies in the range of 0.2 - 3.5at%. In addition the rectangulanty 
^^ntSS^rSn^ energy product are also improved in this range in accompanying with the improvement in 
ScSSSTrc.3ite heat distance and corrosion resistance also become satisfactory. In this conn^ -on 
howSerTnen the content of R is less than 7.1at%, these effects due to addition of Nb are very small as described 
above Further when the content of Nb exceeds 3.5at%, the drop in the magnetizat.on occurs. 
ro0581 Of course Nb itself is a known substance. However, in the present invention, it has been found through 
pea edWcrdSed experiments and researches that by containing 0.2-3.5at% of Nb to the magnetic Powde^on 
st'utedtom a composite structure having a soft magnetic phase and a hard magnetic phase, *• J"^*^ <^ 
are Realized, in particu.ar these three effects are realized at the same time, and this is the Significance of the present 
invention. 

(1 ) The coercive force of the magnetic powder can be improved while maintaining the excellent rectangularity and 
the maximum magnetic energy product. 

(2) The irreversible flux loss can be improved, that is the absolute value thereof can be lowered. 

(3) Better corrosion resistance can be maintained. 

r00591 In this connection, the preferred range of the content of Nb is 0.2 - 3.5at% as described above In this case, 
tTmleprS^^^ 

0060? m addSn for the pu^ose of further improving the magnetic properties, at least one other element selected 
[0060] in aaanion, ior me p y (hereinafter, referred to as 

shouX equano or less than 2at%, and it is more preferable that the content thereof hes ^within the range of 0.1 - 
1 5at% and it is the most preferable that the content thereof lies within the range of 0.2 - 1 .0at%. 
00611 The addition of the element belonging to Qmakes it possible to exhibit an inherent effect of the kind of the 
Sement. ^or example, the addUon of A.. Cu, Si, Ga, V, Ta, Zr or Cr exhibits an effect of improving corrosion res,stance. 

Composite Structure 

[0062] As described above, the magnetic material of the present invention has a composite structure having a soft 

TS^::ZoTs^T ( lTL^e structure), a soft magnetic phase 1 0 and a hard magnetic phase 
1 St i a TaSem '(model) aS shown in, for examp.e, Fig. 1 , Fig. 2 or Fig.3, where the thickness of the , respective 
ohasts and the particle diameter therein are on the order of nanometers (for example, 1 - 100nm) ™her the > soft 
mTnetic phase' o Id the hard magnetic phase 11 are arranged adjacent to each other (this also includes the case 
Se tes pha es are adjacentthro 9 ughinter g ranu,ar boundary phase), wh",^ 

exchanoe interaction therebetween. In this regard, it is to be noted that the patterns illustrated in Fig. 1 to F,g. 3 ar? 
ontspecTexamples, and are not limited thereto. For example, the soft magnetic phase 1 0 and the hard magnetic 

^^t^^^Z^^ readi, changes » orienta.cn by the act^n . an externa, 
magnetic field. Therefore, when the soft magnetic phase coexists with the hard 

curve for the entire system shows a stepped "serpentine curve" in the second quadrant of the B-H d ag am. However, 
when he soft magnetic phase has a sufficiently small size of less than several tens of nm, magnetization of the soft 
magnetic body" sufficiently and strongly constrained through the coupling with the magnetization of the surrounding 
harri maanetic bodv so that the entire system exhibits functions like a hard magnetic body. 
JooesT Tmagne^avmg such acorn 
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(1) In the second quadrant of th B-H diagram (that is, J-H diagram), the magnetization springs back reversively 
(in this sense, such a magnet is also referred to as a "spring magnet"). 

(2) It has a satisfactory magnetizability, and it can be magnetized with a relatively low magnetic field. 

5 

(3) The temperature dependence of the magnetic properties is small as compared with the case where the system 
is constituted from a hard magnetic phase alone. 

(4) The changes in the magnetic properties with the elapse of time are small. 

w 

(5) No deterioration in the magnetic properties is observable even if it is finely milled. 

[0066] In the alloy composition described in the above, the hard magnetic phase and the soft magnetic phase are 
respectively composed of the followings, for instance. 
is [0067] The hard magnetic phase: R 2 TM 14 B system (where, TM is Fe or Fe and Co), or R 2 (TM, Nb) 14 B system (or 
R 2 (TM, Q) 14 B system, or R 2 (TM, Nb, Q) 14 B system). 

[0068] The soft magnetic phase: TM (a-Fe or a-(Fe, Co) in particular), or an alloy phase of TM and Nb, a composite 
phase of TM and B, or a composite phase of TM, B and Nb (or these phases containing Q). 

20 Manufacture of Magnetic Powders 

[0069] As for the magnetic powders according to this invention, it is preferable that they are manufactured by melt- 
spinning (quenching) a molten alloy, and more preferable that they are manufactured by milling a melt spun (quenched) 
ribbon obtained by quenching and solidifying the molten metal of the alloy. An example of such a method will be 
25 described in the following. 

[0070] Fig. 4 is a perspective view showing an example of the configuration of an apparatus (melt spinning apparatus) 
for manufacturing a magnet material by the melt spinning (quenching) method using a single roll, and Fig. 5 is a sectional 
side view showing the situation in the vicinity of colliding section of the molten metal with the cooling roll in the apparatus 
shown in Fig. 4. 

30 [0071] As shown in Fig 4, the melt spinning apparatus 1 is provided with a cylindrical body 2 capable of storing the 
magnet material, and a cooling roll 5 which rotates in the direction of an arrow 9A in the figure relative to the cylindrical 
body 2. A nozzle (orifice) 3 which injects the molten metal of the magnet material alloy is formed at the lower end of 
the cylindrical body 2. 

[0072] In addition, a heating coil 4 is arranged on the outer periphery of the cylindrical body 2 in the vicinity of the 
35 nozzle 3, and the magnet material in the cylindrical body 2 is melted by inductively heating the interior of the cylindrical 
body 2 through application of, for example, a high frequency wave to the coil 4. 

[0073] The cooling roll 5 is constructed from a base part 51 and a surface layer 52 which forms a circumferential 
surface 53 of the cooling roll 5. 

[0074] The base part 51 may be formed either integrally with the surface layer 52 using the same material, or formed 
40 using a material different from that of the surface layer 52. 

[0075] Although there is no particular limitation on the material of the base part 51 , it is preferable that the base part 
51 is formed of a metallic material with high heat conductivity such as copper or a copper alloy in order to make it 
possible to dissipate heat of the surface layer 52 as quickly as possible. 

[0076] Further, it is preferable that the surface layer 52 is formed of a material with heat conductivity equal to or lower 
45 than that of the base part 51 . Examples of the surface layer 52 include a metallic thin layer of Cr or the like, a layer of 
metallic oxide and a ceramic layer. 

[0077] Examples of the ceramics for use in the ceramic layer include oxide ceramics such as Al 2 0 3 , SiO s , Ti0 2 , 
Ti 2 0 3 , Zr0 2 , Y 2 0 3 , barium titanate, and strontium titanate and the like; nitride ceramics such as A1 N, Si 3 N 4 , TiN, and 
BN and the like; carbide ceramics such as graphite, SiC, ZrC, AI 4 C 3 , CaC 2 , and WC and the like; and mixture of two 
so or more of these ceramics. 

[0078] The melt spinning apparatus 1 is installed in a chamber (not shown), and it is operated preferably under th 
condition where the interior of the chamber is filled with an inert gas or other kind of gas. In particular, in order to prevent 
oxidation of a melt spun ribbon 8, it is preferable that the gas is an inert gas such as argon gas, helium gas, nitrogen 
gas or the like. 

55 [0079] In the m It spinning apparatus 1 , the magnet material (alloy) is placed in the cylindrical body 2 and melted 
by heating with the coil 4, and the molten metal 6 is discharged from the nozzle 3. Then, as shown in Fig. 5, the molten 
metal 6 collides with the circumferential surface 53 of the cooling roll 5, and aft rthe formation of a puddle 7, the molten 
metal 6 is cooled down rapidly to be solidified while dragged along the circumferential surface 53 of the rotating cooling 
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rol.S, therebyforming the me.t spun r^^ 

8 thus formed te soon released from the c.rcumf erent.a "^^^S^ by a broken line in Fig. 5. 
of an arrow 9B in Fig. 4. The solidificat.on interface ^^^J 1 5 depends upon the composition of the 
[0080] The optimum range of the arcumferen ,a ^'° c '^^^^ mo J en me ta. 6, and the like. However, 

s moften alloy, the wettability of the orcumf erent,al s " rf ^^ 60m/s is normally preferable, and 5 to 

for the enhancement of the magnet.c propert.es, a veloc ty -ml range ot i o y ^ 

40m/s is more preferable. If the circumferential veocrty o the "^^^^^a,^ unllllm.). and 
ribbon 8 is too large depending upon the ^J^^J^Z Smferentia 9 . veLity is too large, 

expected even if a heat treatment is given in the later ' JJOJ treatment for the purpose of, for 

under a reduced pressure (for example, .n the range of 1 x 10 to l x h 

or the like. t - Qrt : riJ i ar | V limited However, in the case where the 

[0085] The average particle size of the magnet.c powder .s "^^^ ™^ , n orde / to prevent oxidation of 
magnetic powder is used for manufacturing ' ' S0 *°P ,C ^ ft is preferred that the 

to the particle size distribution of the magnet.c ^•^ i ^^%^^^^ tvmlc ^ strength of the bonded 

moving the influence of stress introduced by the m.ll.ng ^^^^^StSi for 0.5 to 300 mm. 
of the heat treatment are, for examp.eheat.ng at a ^^J^^^J^^ heat treatment in a vacuum 

Ln) 1 Therefore, when a bonded magnet resistance, 
magnet has a high mechanical strength and excellent th of tne bon ded magnet. 
Consequently, it can be concluded that the ma 9^ of the sing.e roll method, but the 

[0090] in the above the melt ^^^^^5 £nW«9 method" which uses gas atom- 
twin roll method may also be employed. Bes.des, other metnoa i sue ^ (MA) als0 be 

Bonded Magnets and Manufacture thereof 

[0091] Next, the isotropic bonded magnets (hereinafter, referred to simply a.so as "bonded magnets") according to 
" SST'S^iTo^ magnets of this invention is formed by binding the above described magnetic powder 
S 3 ^;t;^ or athermosetting resin may be employed. 
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[0094] Examples of the thermoplastic resin include polyamid (example: nylon 6, nylon 46, nylon 66, nylon 61 0, nylon 
612, nylon 1 1 , nylon 1 2, nylon 6-12, nylon 6-66, nylon 6T and nylon 9T); thermoplastic polyimide; liquid crystal polymer 
such as aromatic polyester; poly phenylene oxide; poly phenylene sulfide; polyolefin such as polyethylene, polypro- 
pylene and ethylene-vinyi acetate copolymer; modified polyolefin; polycarbonate; poly methyl methacrylate; polyester 
5 such as poly ethyl _ n terephthalate and poly butylene terephthalate; polyether; polyether ether ketone; polyetherimide; 
polyacetal; and copolymer, blended body, and polymer alloy having at least one of these materials as a main ingredient. 
In this case, a mixture of two or more kinds of these materials may be employed. 

[0095] Among these resins, a resin containing polyamide as its main ingredient is particularly preferred from the 
viewpoint of especially excellent moldability and high mechanical strength. Further, a resin containing liquid crystal 

10 polymer and/or poly phenylene sulfide as its main ingredient is also preferred from the viewpoint of enhancing the heat 
resistance. Furthermore, these thermoplastic resins also have an excellent kneadability with the magnetic powder. 
[0096] These thermoplastic resins provide an advantage in that a wide range of selection can be made. For example, 
it is possible to provide a thermoplastic resin having a good moldability or to provide a thermoplastic resin having good 
heat resistance and mechanical strength by appropriately selecting their kinds, copolymerization or the like. 

is [0097] On the other hand, examples of the thermosetting resin include various kinds of epoxy resins of bisphenol 
type, novolak type, and naphthalene-based, phenolic resin, urea resin, melamine resin, polyester (or unsaturated pol- 
yester) resin, polyimide resin, silicone resin, polyurethane resin, and the like. In this case, a mixture of two or more 
kinds of these materials may be employed. 

[0098] Among these resins, the epoxy resin, phenolic resin, polyimide resin and silicone resin are preferable from 
20 the viewpoint of their special excellence in the moldability, high mechanical strength, and high heat resistance. In this 
case, the epoxy resin is especially preferable. These thermosetting resins also have an excellent kneadability with the 
magnetic powder and homogeneity (uniformity) in kneading. 

[0099] The unhardened thermosetting resin to be used may be either in liquid state or in solid (powdery) state at the 
room temperature. 

25 [0100] The bonded magnet according to this invention described in the above may be manufactured, for example, 
as in the following. First, the magnetic powder, a binding resin and an additive (antioxidant, lubricant, or the like) as 
needed are mixed and kneaded (warm kneading) to form a bonded magnet composite (compound) . Then, thus obtained 
bonded magnet composite is formed into a desired magnet form in a space free from magnetic field by a molding 
method such as compaction molding (press molding), extrusion molding, or injection molding. When the binding resin 

30 used is a thermosetting type, the obtained green compact is hardened by heating or the like after molding. 

[0101] In these three types of molding method, the extrusion molding and the injection molding (in particular, the 
injection molding) have advantages in that the latitude of shape selection is broad, the productivity is high, and the 
like. However, these molding methods require to ensure a sufficiently high fluidity of the compound in the molding 
machine in order to obtain a satisfactory moldability. For this reason, in these methods it is not possible to increase 

35 the content of the magnetic powder, namely, to make the bonded magnet having high density, as compared with the 
case of the compaction moldingmethod. In this invention, however, it is possible to obtain a high magnetic flux density 
as will be described later, so that excellent magnetic properties can be obtained even without making the bonded 
magnet high density. This advantage of the present invention can also be extended even in the case where bonded 
magnets are manufactured by the extrusion molding method or the injection molding method. 

40 [0102] The content of the magnetic powder in the bonded magnet is not particularly limited, and it is normally deter- 
mined by considering the kind of the molding method and the compatibility of moldability and high magnetic properties. 
More specifically, it is preferable to be in the range of 75 - 99.5wt%, and more preferably in the range of 85 - 97.5wt%. 
[0103] In particular, in the case of a bonded magnet to be manufactured by the compaction molding method, the 
content of the magnetic powder should preferably lie in the range of 90 - 99.5wt%, and more preferably in the range 

45 of 93 - 98.5wt%. 

[0104] Further, in the case of a bonded magnet to be manufactured by the extrusion molding or the injection molding, 
the content of the magnetic powder should preferably lie in the range of 75 - 98wt%, and more preferably in the range 
of 85 - 97wt%. 

[0105] The density p of the bonded magnet is determined by factors such as the specific gravity of the magnetic 
50 powder contained in the magnet and the content of the magnetic powder, and void ratio (porosity) of the bonded magnet 

and the like. In the bonded magnets according to this invention, the density p is not particularly limited to a specific 

value, but it is preferable to be in the range of 5.3 - e.eMg/m 3 , and more preferably in the range of 5.5 - 6.4Mg/m 3 . 

[0106] In this invention, since the magnetic flux density and the coercive force of the magnetic powder are high, the 

bonded magnet formed from the magnetic powder provides exc llent magnetic properties (especially, high maximum 
55 magn tic en rgy product (BH) max ) even wh n the content of th magnetic powder is relativ ly low. In this regard, it 

goes without saying that it is possible to obtain the xcell nt magnetic properties in the case where the cont nt of the 

magnetic powd r is high. 

[0107] The shape, dimensions, and the like of the bonded magnet manufactured according to this invention are not 
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. u * .iithanes such as columnar, prism-like, cylindrical (ring-shaped), 
particularly limited. For example, as to the shape. aH «W"^ t0 the dirnensi ons, all sizes starting from large- 
drcu.ar, pL-like. curved plate-like, described in this specification, the present 

sized one to ultraminuaturized one are acee ^^^^ uttraminiaturization of the bonded magnet, 
nvention is particularly advantageous J^^^^J^, that the bonded magnet of the present 
[0108] Further, in view of the advantages describ ed abov, s P mu |tipoles. 

0) Thecoerciveforce ( H^ 

te in the range of 320 to 720kA/m. In th,s case, A « ^«£*™£^ n ^ conspicuously when a reverse 
Hhe coercive force is lower than the lower tant ^ e ^£l^ hL resistance at a high temperature is 
magnetic fieid is applied depending upon the usage of ^J^™ h M value , magnetizabi.ity is de- 
deteriorated. On the other hand, if the cumc^M e £ e ^^^ 

teriorated. Therefore, by settingthe coercive ^^^ttie^ve^a satisfactory magnetization can be 
idrica. magnet in particular) is f>i e f d '° 
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(BH) max described later and the density pCMg/m 3 ). 



2.2S(BH) max /p 2 [x10' J-m /g ] 

, .. ■ f^.iiann is satisfied between the maximum mag- 

is satisfied therebetween . 
30 2.3<(BH) max /pVl0*J-m 3 /g 2 ]£ 3 - 2 

2.4^(BH) max /p 2 [x10- 9 J-mV^3.1 (U,) 



Whenthev al ueof(BH)^ 
meLdsare limtted, manufacturing ; cos^ = "J be obtained , a volume of the magnet is 

(T) and the density p (Mg/m 3 ). 

-e 3 0 V ) 
0.125 <Br/p[x10 T-m /g] 

, ., • /\n is satisfied between the remanent mag- 

therebetween. 

(V) 

0.128 < Br/p[x10" 6 T.m /g] < 0.16 

0.13 < Br/p[X 10' 6 T.m 3 /g] < 0.155 * (V,) 
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When the value of Br/p[x 1 0 _6 "Pm 3 /g] is less than the lower limit value of the formula (I), it is not possible to 
obtain a sufficient magnetic flux density unless otherwise the density of the magnet is increased, that is the content 
of the magnetic powder in the magnet is increased. However, this in turn leads to problems in that available molding 
methods are limited, manufacturing cost is increased, and moldability is lowered due to a reduced amount of the 
5 binding resin. Further, when a magnetic flux density of a certain level is to be obtained, a volume of the magnet is 

necessarily increased, which results in difficulty in miniaturizing devices such as motors. 

(4) it is preferable that the maximum magnetic energy product (BH) max of the bonded magnet is equal to or greater 
than 60kJ/m 3 , more preferably equal to or greater than 65kJ/m 3 , and most preferably in the range of 70 to 130kJ/ 

w m 3 . When the maximum magnetic energy product (BH) max is less than 60kJ/m 3 , it is not possible to obtain a 

sufficient torque when used for motors depending on the types and structures thereof. 

(5) It is preferable that the absolute value of the irreversible flux loss (that is, initial flux loss) is equal to or less 
than 6.2%, it is more preferably that it is equal to or less than 5.0 %, and it is most preferable that it is equal to or 

15 less than 4.0%. This makes it possible to obtain a bonded magnet having excellent heat stability (heat resistance). 

EXAMPLES 

[0110] Hereinbelow, the actual examples of the present invention will be described. 

20 

(Example 1) 

[0111] Magnetic powders with alloy compositions (Nd 0 7 Pr 0 25 Dy 0 05 ) 8 7 Fe ba ,Co 7 0 B 5 6 Nb w (that is, various types of 
magnetic powders in which the content wof Nb is changed variously) were obtained by the method described below. 
25 [0112] First, each of the materials Nd, Pr, Dy, Fe, Co, B and Nb was weighed, and then they were cast to produce 
a mother alloy ingot, and a sample of about 15g was cut out from the ingot. 

[0113] A melt spinning apparatus 1 as shown in Fig. 4 and Fig. 5 was prepared, and the sample was placed in a 
quartz tube 2 having a nozzle 3 (circular orifice of which diameter is 0.55mm) at the bottom. After evacuating the interior 
of a chamber in which the melt spinning apparatus 1 is housed, an inert gas (Ar gas) was introduced to obtain an 

30 atmosphere with desired temperature and pressure. 

[0114] The cooling roll 5 of the melt spinning apparatus 1 is provided with a surface layer 52 on the outer periphery 
of the base part 51 made of Cu. The surface layer 52 is formed of WC and has a thickness of about 5um. 
[0115] Then, the ingot sample in the quartz tube 2 was melted by high frequency induction heating. Further, the 
jetting pressure (difference between the inner pressure of the quartz tube 2 and the pressure of the atmosphere) and 

35 the circumferential velocity were adjusted to obtain a melt spun ribbon. 

[01 1 6] Thus obtained melt spun ribbon was then coarsely crushed, and the powder was subjected to a heat treatment 
in an argon gas atmosphere at 710°C for 300sec. In this way, the various types of magnetic powders each having 
different contents w of Nb were obtained. 

[01 17] Next, for the purpose of adjustment of the particle size, each magnetic powder is milled by a milling machine 

40 in an argon gas atmosphere to obtain a magnetic powder having an average particle size of 50u,m. 

[01 1 8] To analyze the phase structure of the obtained magnetic powders, the respective magnetic powder was sub- 
jected to X-ray diffraction using Cu-Ka line at the diffraction angle of 20° -60°. From the thus obtained diffraction pattern, 
the presence of diffracted peaks of a hard magnetic phase, R 2 (Fe.Co) 14 B phase, and a soft magnetic phase, ct-(Fe t 
Co) phase, were confirmed. Further, from the observation result using a transmission electron microscope (TEM), the 

45 formation of a composite structure (nanocomposite structure) was confirmed in each magnetic powder. 

[0119] A composite (compound) for bonded magnet was prepared by mixing the respective magnetic powder with 
a polyamide resin (Nylon 1 2) and a small amount of hydrazine antioxidant and lubricant, and then kneading them under 
the temperature of 225°C for 15min. In this case, the compounding ratio (mixing ratio by weight) of the magnetic powder 
with respect to the polyamide resin was common to the respective bonded magnets. Specifically, in each of the bonded 

so magnets, the content of the magnetic powder was about 97wt%. 

[0120] Then, each of the thus obtained compounds was crushed to be granular. Then, the granular substance was 
weighed and filled into a die of a press machine, and then it was subjected to a compaction molding (in the absence 
of a magnetic field) under the temperature of 21 0°C and the pressure of 800MPa, to obtain an isotropic bonded magnet 
of a columnar shape having a diamet r of 10mm and a height of 7mm. 

55 [0121] After puis magnetization is p rform d for the respectiv bonded magnets under the magnetic field strength 
of 3.2MA/m, magnetic properties (r manent magnetic flux density Br, intrinsic coercive force (H CJ ), and maximum 
magnetic energy product (BH) max ) were m asured using a DC recording fluxmeter (manufactured and sold by Toei 
Industry Co. Ltd with the product code of TRF-5BH) under the maximum applied magnetic field of 2.0MA/m. The 
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temperature at the measurement was 23-C ( ha ,s magnets was exa mined. The heat resistance 

[0122] Next, the heat resistance (^J^^^J'.^ini when the bonded magnet was being .eft 
was obtained by measuring the irreversible fl « ^ ( ' n ^^ re \ as lowere d to the room temperature, and then it 
in the atmosphere of 1 0O'C for one hour *™ *^ ,„ this connection, It is to be noted that smaller 

was evaluated. The resuits thereo m J^^^S^^«^ excellent heat resistance (heat stability), 
absolute value of the irrevers,ble flux loss (initial flux loss) mean ^ ^ maximum 

[0 123] ThecontentofNb^ 
magnetic energy product (BH),^ ana me uieve.o 

Table 1 • u ^ tom. 1 MC h of the bonded magnets of the sample numbers of No. 2 to No. 6 

[0124] As seen from the attached Table 1 , each of me Donaec s t magne tic flux density, maximum 

the heat stability (»»'™ s ^">5' hra , e „^f 0 1th'e numbers ol No. 1 .nd No. 7 (Compan*. 

(heat resistance) of these magnets is low. 
(Example 2) 

a« Example 1 magnetic powders with alloy compositions 

[01271 A composite (compound) for bonded W« *"J ' J™P xid J tand lubricant, andthen kneadingthem under 
^ide-^ 

re3:r:^^ 

[0128] Among thus obtained compounds, the com P°J^ ( in the absence of a magnet* 

were crushed to be granular, and then they and 
field), while the compounds having a ^^^^^^^^^m. t^eby forming bonded magnets. 

nto a die of a press machine and then it was * ^^^ un Jthe conditions thatthe die temperature 

and the pressure of SOOMPa. Further, the injects £ l *^J^^ 290 . 2B(r c. 

thereof was also tested in the same "^^^T^^g temperature, the density p, the remanent mag- 

wide range of the value of the density p, sma |l absolute value of the irreversible flux 

magnetic energy product (BH) max , and f^^^^^'^gHnt. 

,oss so that the heat stabi.tty (heat «^ M ^2l^t^eCinVlnventlon exhibit excellent magnetic properties 
[0134] in particular, the ^^^'^^£^9^ < that ls ' b0 " ded magn6tS * ^ 

r 0 n=h^^ 

^T-en bonded -gnets are low density, that is b = ^^ 

the magnetic powder and the binding resin at a ^*^ ln are uniforrtlly mix ed during the kneading process, 

to easily accomplish that the magnetic f^ 9 ^^^^ carry out the molding at a relatively low 
Further, such a high fluidity of the compound ma es ^^ndBten.^ moderated. As a result, it becomes 
temperature within a short time period. in «^.^£™£^ powd r dur ing the kneading process and molding 
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magnets, so that mechanical strength and magnetic properties thereof are also improved. 
(Example 3) 

s [0137] Using the magnetic powders obtained by Example 1, cylindrical (ring-shaped) isotropicbondedmagnet- 
shavingouter diameter of 22mm, inner diameter of 20mm and height of 4mm were manufactured in the same manner 
as Example 1 . Then, thus obtained bonded magnets were subjected to a multi-pole magnetization so as to have eight 
poles. At the magnetization process, an electric current of 16kA was flowing through a magnetizing coil. 
[01 38] In this case, a magnitude of the magnetizing magnetic field for achieving 90% magnetizing ratio was relatively 

10 small, and this means that the magnetizability was excellent. 

[0139] Further, using each bonded magnet as a magnetfor a rotor, a spindle motor for CD-ROM drive was assembled. 
Then, each of the DC motors was rotated at "lOOOrpm to measure a back electromotive force generated in the coil 
winding thereof. As a result, it has been confirmed that a voltage equal to or less than 0.80V can be obtained in the 
motors using the bonded magnets of the samples No. 1 and No. 7 (Comparative Examples), while a voltage equal to 

is or greater than 0.96V which is more than 20% higher value can be obtained in the motors using the bonded magnets 
of the samples No. 2 to No. 6 (Example of present invention). 

[0140] With this result, it has found that it Is possible to manufacture high performance motors by using the bonded 
magnets of the present invention. 

[0141] In addition to the above, bonded magnets same as those of Examples 1 to 3 were manufactured excepting 
20 that they are formed by means of an extrusion molding (the content of the magnetic powder in each bonded magnet 
was 92 to 95 wt%). Then, the performance of these bonded magnets were examined. As a result, it has found that the 
same results can be obtained by the motors using the bonded magnets 

[0142] Further, bonded magnets same as those of Examples 1 to 3 were manufactured excepting that they are 
formed by means of an injection molding (the content of the magnetic powder in each bonded magnet was 90 to 93 
25 wt%). Then, the performance of these bonded magnets were examined. As a result, it has found that the same results 
can be obtained by the motors using the bonded magnets 

Effects of the Invention 

30 [0143] As described above, according to the present invention, the following effects can be obtained. 

[0144] Since each of the magnetic powders contains apredetermined amount of Nb and has a composite structure 
having a soft magnetic phase and a hard magnetic phase, they have high magnetization and exhibit excellent magnetic 
properties. In particular, intrinsic coercive force and rectangularity thereof are improved. 

[0145] The absolute value of the irreversible flux loss is small and excellent heat resistance (heat stability) can be 
35 obtained. 

[0146] Because of the high magnetic flux density that can be secured by this invention, it is possible to obtain a 
bonded magnet with high magnetic performance even if it is isotropic. In particular, since magnetic properties equivalent 
to or better than the conventional isotropic bonded magnet can be obtained with a magnet of smaller volume as com- 
pared with the conventional isotropic bonded magnet, it is possible to provide a high performance motor of a smaller 
40 size. 

[01 47] Moreover, since a higher magnetic flux density can be secured, in manufacturing a bonded magnet sufficiently 
high magnetic performance is obtainable without pursuing any means for elevating the density of the bonded magnet. 
As a result, the dimensional accuracy, mechanical strength, corrosion resistance, heat resistance (heat stability) and 
the like can be improved in addition to the improvement in the moldability, so that it is possible to readily manufacture 

45 a bonded magnet with high reliability, 

[0148] Since the magnetizability of the bonded magnet according to this invention is excellent, it is possible to mag- 
netize a magnet with a lower magnetizing field. In particular, multipolar magnetization or the like can be accomplished 

asily and surely, and further a high magnetic flux density can be obtained. 
[0149] Since a high density is not required to the bonded magnet, the present invention is adapted to the manufac- 

50 turing method such as the extrusion molding method or the injection molding method by which molding at high density 
is difficult as compared with the compaction molding method, and the effects described in the above can also be realized 
in the bonded magnet manufactured by these molding methods. Accordingly, various molding method can be selectively 
us d and thereby the degree of selection of shape for the bonded magnet can be expanded. 

[01 50] Finally, it is to b und rstood that the present invention is not limited to Examples described above, and many 
55 changes or additions may b made without departing from the scope of the inv ntion which is d termined by the 
following claims. 
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Claims 



Magnetic powder composed o, an a,.oy "T^-*^* 2ffififc»£ is 0*2 - 35at%), e 
St one kind of rare-earth eiement, x is 7.1 - ^•JjJ, 0 ^ a soft magnetic phase and a hard magnetic 
magnetic powder being constituted from a "^S^S^I^Sh. when the magnetic powder is formed into 
phase, wherein the magnetic powder has m £^^JJJ wit ' h a binding resin and then molding « he 

Tagil o. - « »7-ST^ oTz ZS2ti&&s5£i£E£~ 

"S on. of rare-oarth o..mont, x « 7.1 ■ SUM : t. Y* ° °» 2 |c phMe a „ a . M rd magnet* 

^^^^^^^^ 

of Br/p [x 1 0"«T-m3/g] 2 0.1 25. 

■ • spessssss&zsssssss .•»» 

room temperature is in the range of 320- 720 kMn. 
"ux Toss (initiai flux loss) is equal to or iess than 6.2%. 

_ . . i i I / — -- Dr 



*0 



15 > 0.125. 
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40 



containinq Nd and/or Pr. 

to the total mass of said R is 5 -75%. — r 
I 0 h S,3 m iol»aldn lS =,u«„oo,lo S5 «. a n14%. 

the alloy of a molten state. 

powder lies in the range of 0.5 -150uJn. 
13 Anisotropicbondedma^^ 

13 ' iotropicbondedmagn t is cnaractrize hn t mpe rature satisfies the "-^^ 
ll-m^ma«H.^«^^J3^ i ^ tto ^n*eo reive force ( HcJ ) of th bond dmagn t 
sent d by the formula (BH) max /p 2 lx 10 Jm'gi- . 
atSe room temperature to in the range of 320 - 720 kA/m. 
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14. The isotropic bonded magnet as claimed in claim 13, wherein when the density of the isotropic bonded magnet is 
p [Mg/m 3 ], the remanent magnetic flux density BifT] at the room temperature satisfies the relationship represented 
by the formula of Br/p [xlO-6T-m 3 /g] > 0.125. 

5 1 5. An isotropic bonded magnet formed by binding a magnetic powder containing Nb with a binding resin, wherein the 
isotropic bonded magnet is characterized in that, when the density of the isotropic bonded magnet is p [Mg/m 3 ] t 
the remanent magnetic flux density Br[T] at the room temperature satisfies the relationship represented by the 
formula of Br/p [x10* 6 T-m 3 /g] > 0.125. 

10 16. The isotropic bonded magnet as claimed in claim 15, wherein the intrinsic coercive force (Hcj) of the bonded 
magnet at the room temperature is in the range of 320 - 720 kA/m. 

17. The isotropic bonded magnet as claimed in any one of claims 1 3 to 1 6, wherein said magnetic powder is formed 
of R-TM-B-Nb based alloy (where R is at least one rare-earth element and TM is a transition metal containing Iron 

15 as a major component thereof). 

18. The isotropic bonded magnet as claimed in any one of claims 13 to 1 7, wherein the magnetic powder is composed 
of an alloy composition represented by R x (Fe 1 . y Co y ) 100 . x . z . w B 2 Nb w (where R is at least one kind of rare-earth 
element, x is 7.1 - 9.9at%, y is 0 - 0.30, z is 4.6 - 6.9at%, and w is 0.2 - 3.5at%). 

20 

19. The isotropic bonded magnet as claimed claim 17 or 18, wherein said R comprises rare-earth elements mainly 
containing Nd and/or Pr. 

20. The isotropic bonded magnet as claimed in any one of claims 17 to 19, wherein said R includes Pr and its ratio 
25 with respect to the total mass of said R is 5 - 75%. 

21. The isotropic bonded magnet as claimed in any one of claims 17 to 20, wherein said R includes Dy and its ratio 
with respect to the total mass of said R is equal to or less than 14%. 

30 22. The isotropic bonded magnet as claimed in any one of claims 13 to 21, wherein the average particle size of the 
magnetic powder lies in the range of 0.5 - 150|im. 

23. The isotropic bonded magnet as claimed in any one of claims 1 3 to 22, wherein the absolute value of the irreversible 
flux loss (initial flux loss) is equal to or less than 6.2%. 

35 

24. The isotropic bonded magnet as claimed in any one of claims 1 3 to 23, wherein the magnetic powder is constituted 
from a composite structure having a soft magnetic phase and a hard magnetic phase. 

25. The isotropic bonded magnet as claimed in any one of claims 13 to 24, wherein the isotropic bonded magnet is to 
40 be subjected to multipolar magnetization or has already been subjected to multipolar magnetization. 

26. The isotropic bonded magnet as claimed in any one of claims 13 to 25, wherein the isotropic bonded magnet is 
used for a motor. 

45 
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(54) Magnetic powder and isotropic bonded magnet 

(57) Disclosed herein is a magnetic powder which 
can provide a bonded magnet having excellent magnet- 
ic properties and having excellent reliability especially 
excellent heat stability. The magnetic powder is com- 
posed of an alloy composition represented by R x 
(Fe 1 . y Co y ) 100 _ x . 2 . w B z Nb w (where R is at least one kind 
of rar e-earth element, x is 7.1 - 9.9at%, y is 0 - 0.30, z 
is 4.6 - 6.9at%, and w is 0.2 - 3.5at%), the magnetic 
powder being constituted from a composite structure 
having a soft magnetic phase and a hard magnetic 
phase, wherein the magnetic powder has magnetic 
properties in which, when the magnetic powder is 
formed into an isotropic bonded magnet having a den- 
sity p [Mg/m 3 ] by mixing with a binding resin and then 
molding it, the maximum magnetic energy product 
(BH) max [kJ/m 3 ]of the bonded magnet at the room tem- 
perature satisfies the relationship represented by the 
formula (BH) max /p 2 [x10' 9 J.m 3 /g 2 ] > 2.2, and the intrin- 
sic coercive force (Hqj) of the bonded magnet at the 
room temperature is in the range of 320 - 720 kA/m. 




CL 

UJ 



Printed by Jouve, 75001 PARIS (FR) 



EP1 115127 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 01 10 0374 



Category 
A 



- pnn f r1c ^rrQ ^IMSIDERED TO BE RELEVANT 



Citation of document *ith Mtetfien. where appropriate, 
ot relevant passages , 

US 5 725 792 A (PANCHANATHAN VISVIANATHAN) 
10 March 1998 (1998-03-10) 

* claims 1,4 * 

US 6 001 193 A (MASUM0T0 TSUY0SHI ET AL) 
14 December 1999 (1999-12-14) 

* claims 1,2,5,6 * 

K0JIMA A ET AL: -Rapid-annealing effect 
on the micro structure and magnetic 
properties of the Fe-r1ch nanocomposlte 

^ANNUAL CONFERENCE ON MASNETISM I AMD 
MAGNETIC MATERIALS, SAN OOSE, CA, USA, 

; 5 ol 18 8rno 199 9!' P t.l-3, pages 6576-6578, 

Supplied Physics, 1 Nay 2000, 

MP, USA 
ISSN: 0021-8979 

* the whole document * 

PATENT ABSTRACTS OF JAPAN 
vol. 1999, no. 08, 
™ .lune 1999 (1999-06-30) 
& Vp 11 067515 A (SEIKO EPSON CORP), 
9 March 1999 (1999-03-09) 

* abstract * 



Relevant 
to claim 



1,4,11, 
15 



1,4,7,9 



CLASSmCATlON OF THE 
APPUCATPM (mtCI.7) 

H01F1/057 
H02K1/02 



1-3,5,6, 

9,13, 

17-19 



TECHNICAL FIELDS 
SEARCHED (lrit£l.7) 



H01F 




THE HA6UE 

CATEGORY OF CITED DOCUMENTS 

X • partteularty relevant tf taken atone 

v : SttolSS relevant It combined with another 

document of the same category 
A : tedinotogtoal background 
O : norv-wrttten dtectosure 
p : intermediate document 



afterlbe rung date 
D - documert cued In the application 
L :* documert cted tor other reasons 

4 rrrirn'beV'of the* "^'^eii l^ii^ corresponding 
document 



2 



BNSDOCID <EP 11 15127 A3 I > 



EP 1 115 127 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 01 10 0374 



This annex lists the patent family roembersreiating lo the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable tor these particulars which are merely given for the purpose of Information. 

12-03-2002 



Patent document 
cited in search report 



Publication 
date 



Patent family 
members) 



Publication 
date 



US 5725792 



10-03-1998 



CN 1221513 A 

EP 0898778 Al 

JP 2000508476 T 

TW 400526 B 

WO 9738426 Al 



US 6001193 



14-12-1999 JP 



9316565 A 



OP 11067515 



09-03-1999 NONE 



30-06-1999 

03- 03-1999 

04- 07-2000 
01-08-2000 
16-10-1997 



09-12-1997 



w For more details about this annex :see Official Journal of the European Patent Office, No. 12/82 



THIS PAGE BLANK iuspto) 



